Introduction
It has been discovered long ago that the calcium pump of the sarcoplasmic reticulum is sensitive to the blocking of the transport protein's thiol residues [ 
Materials and Methods
Sarcoplasmic reticulum vesicles from rabbit skel etal muscle were prepared according to Hasselbach and Makinose [28] as modified by de Meis and Hasselbach [29] . Purified ATPase was prepared by treatment with low concentrations of deoxycholate according to [30] and stored at -20 °C (about 30 mg protein/ml in 50% glycerol). D TN B was ob tained from EGA-Chemie (Steinheim, F R G ), dithioerythritol was from Merck (D arm stadt, F R G ) and L-a-myristoylglycerophosphocholine and C a 2+ ionophore A-23187 were from Calbiochem (G ie ß e n / Lahn, F R G ). C a2+ ionophore X -5 3 7 A (Lasolocid) was a gift from Hoffmann-La Roche (Basel, Switzerland). When ATPase activities or phosphoenzyme levels were determined parallel spectrophotometrical evaluations, as described above, were carried out with the same vesicle preparation.
For the determination of the total number of free thiol groups of a vesicle preparation the medium additionally contained 1% sodium dodecylsulfate. tion counting the yellow solutions were decolorized with 60 (il 1 N HCl per 1 ml sample. The control (without D TN B) was performed at pH 7.3, the same pH as reached in the above assays after DTNB addition.
ATPase activities

In
Results
ATPase activities
When sarcoplasmic vesicles were reacted with excess DTNB in the presence of 0.2 mM E G T A at pH 7.8 or 8.4 the C a 2+-dependent ATPase activity was first enhanced, passing through a m axim um (130% of the control activity) about 30 s after DTNB addition, and subsequently inhibited as described elsewhere [ 7 -9 ] . Similar curves were obtained in the presence of glycerol, depending on its concentration (Fig. 1 B) . The rates of reaction and inactivation were reduced by the same amount, the corresponding activity maxima reaching around 150% of the respective control activities. The effect of glycerol will be dis cussed below.
Myristovlglycerophosphocholine, however, when applied at a concentration sufficient for complete solubilization, was able to abolish the initial activa tion of the ATPase by DTNB. While 1 mg myristovlglycerophosphocholine per mg protein still produced a weak activation, in the presence of 2.5 mg per mg protein no more activity increase during DTNB modification was observed (Fig. 1 B) . Under these conditions the ATPase protein was reported to be essentially monomeric [30] . The rate of the DTNB reaction was considerably enhanced by increasing concentrations of myristoylglycerophosphocholine. To slow the reaction a lower pH (7.5) was chosen, otherwise a correlation of activity with the number of modified groups would have been impossible in the range where an activation could be expected. Furtherm ore, compared to the maximum number of thiols reacting in the native enzyme ( 7 -8 ) the numbers of reactive thiols in the presence of 1 or 2.5 mg myristoylglycerophosphocholine per mg protein were about 10 and 11, respectively. Table 1 (Fig. 2 A) . In the presence of ATP no break was found and activity approached zero, when as many as 8 mol thiol groups per 105 g protein were modified (Fig. 2B ). Yet, perhaps the most striking effect of ATP was the shift of the position o f the activity maximum towards a higher modification degree. (Fig. 2 B) . Apparently glycerol only reduces the rate of the DTNB reaction, the same set o f thiol groups being blocked with or without glycerol. No specific effect on a single thiol group was detected. ATP behaved differently. In the presence of M g2+ and ATP activation was still enhanced and concom itantly the maximum was shifted towards a higher degree of thiol blockage ( 2 -3 mol thiol per 10 5 g protein). Thus the protective effect of ATP de scribed earlier [2, 4. 8 -1 0 ] cannot be due merely to a reduction of the modification rate. Binding of ATP obviously protects just the groups the substi tution of which causes inactivation in the absence of ATP. The slow inactivation still observed must then be due to the modification of a different set of thiol groups.
To make sure the described activation was not an artificial effect of the relatively unspecific ionophore X -5 3 7 A in the ATPase assays we repeated several experiments with ionophore A -23187 instead or none at all, and also with purified ATPase. The results are included in Table I . In all cases a com parable activation was observed.
The described effects refer to the C a 2+-dependent ATPase activities. It should be noted that the C a2+-independent (basal) activities (varying be tween 0.1 and 0. (Fig. 3 A) .
The C a2+-dependent ATPase activity, measured under the same conditions of D TN B modification, showed a similar time course as without C a 2+ or Mg2+ ions, except that the activity maximum was somewhat higher (com pare Fig. 3 A to Fig. 1 A and Table I ). During the first two minutes of DTNB contact ATP splitting was relatively more enhanced than phosphoenzyme formation, while after that period ATPase activity became more inhibited. In the range where inactivation occurred the phospho enzyme level declined more slowly, with a rate con stant of inactivation about half of that for the reduction of ATPase activity (Table I ). This change in the relation between activity and phosphoprotein is difficult to explain and will be discussed later.
Time with DTN B (min )
Modified groups (mol/ i05g protein) Fig. 3 B. As can be seen, maximum activation of phosphoenzyme formation occurred when approxi mately 1/2 mol th io l/10 5 e protein had reacted with DTNB.
The correlation o f both param eters with the number of modified thiol groups is shown in
Calcium uptake
In contrast to C a 2+-dependent ATPase activity and phosphorylation C a 2+ uptake was not activated by low DTNB modification extents. A linear decrease of the amount of 45C a 2+ stored after 1 min was observed. The corresponding rate constant of inactivation was 0.11 min-1. Although blocking of the most reactive thiol group had only a minor effect, further modification drastically reduced C a 2+ uptake.
To Fig. 3 A  and B ) has led to results that are difficult to explain. Initially both phosphorylation and A TP splitting are concomitantly activated. This could mean that either the rate of phosphoenzyme formation be comes elevated and consequently m ore phosphoprotein can be decomposed or that the number of sites that can be phosphorylated is increased. To illustrate the complicated relationship between both processes during thiol modification we have re plotted the data of the experiments shown in Fig. 3 A as a semilogarithm ic plot o that phosphoprotein formation is less sensitive to thiol blocking than phosphoprotein decomposition, respectively C a2+ uptake.
The finding that the relation between enzyme activity and phosphoprotein level changes during 843 the modification with DTNB must mean that all constants of the reaction sequence p hosphorylationphosphate liberation have to change as well. Thus in addition to the proposed increase o f the number of enzymatically reactive sites their kinetic proper ties must have been altered, too. The fact that m axi mum activation of phosphoenzyme formation is observed when about 1/2 mol thiol per 10 5 g protein is modified, suggests some kind of a conform ational change induced by the modification of the fastest reacting group in the transporting protein unit. We assume that this conformational change subsequently leads to a dissociation of an oligomer into subunits. The concomitantly observed turbidity decrease could be interpreted as in accord with this assump tion. This is probably an effect specific for DTNB.
Calcium uptake is not enhanced under conditions giving rise to an elevated ATPase activity and phos phoenzyme level. An increased permeability o f the membrane for C a 2+ ions cannot be the reason for the inhibition of C a2+ uptake, since a D TN B induced efflux was not observed. Yet, the described effects-conform ational change, dissociation, a c companied by an alteration of the kinetic prop erties, already during the initial stage of thiol modification -can be expected to involve a per turbation of the native structure. And a fully intact structure of whole vesicles is a prerequisite for the functioning of C a2+ transport.
